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A method for compensating for motion of a boat as 1t floats on
water includes measuring the motion of the boat relative to
another element 1n an area surrounding the boat, generating a
driving signal for driving actuators operatively associated
between the boat and at least one carrier based on motion of
the boat, driving the actuators to hold the at least one carrier
substantially stationary relative to the element based on the
driving signal and relieving weight on the actuators by at least
partially bearing the weight of a load and the at least one
carrier by an at least partially passive pressure element.
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VESSEL, MOTION PLATFORM, METHOD
FOR COMPENSATING MOTIONS OF A
VESSEL AND USE OF A STEWART
PLATFORM

RELATED APPLICATIONS

This application claims priority from U.S. application Ser.
No. 12/281,243, filed Mar. 6, 2009, entitled “Vessel, Motion

Platform, Method for Compensating Motions of a Vessel and
Use of a Stewart Platform,” which 1s a 35 U.S.C. §371
national phase application of PCT/NL2007/050080 (WO
2007/120039), filed on Feb. 28, 2007, entitled *“Vessel,
Motion Platiform, Method for Compensating Motions of a
Vessel and Use of a Stewart Platform™, which application
claims the benefit of Netherlands Application Serial No.
1031263, filed Mar. 1, 2006, each of which 1s 1incorporated
herein by reference 1n 1ts entirety.

The invention relates to a vessel with a motion compensa-
tion platform.

The mvention also relates to a motion platform.

The invention further relates to a method for compensating,
motions of a vessel.

The invention also relates to the use of a Stewart platform.

A vessel with a Stewart platform for compensating motions
of a ship 1s already known. The platiorm comprises a surface,
borne on s1x hydraulic cylinders, and motion sensors. During,
use, with the aid of the sensors, the motions of the respective
ship are measured. With the aid of these measurements, the
orientation of the hydraulic cylinders 1s driven continuously
so that the surface remains approximately stationary relative
to the fixed world. In this manner, motions of the ship are
compensated and for istance people or loads can be trans-
terred from the ship onto a stationary offshore construction,
Or VICce versa.

One of the objects of the mvention 1s to 1mprove a motion
platform, 1n particular a vessel with motion platform.

Another object of the invention 1s to improve the safety of
the use of a vessel and/or motion platform.

At least one of these and other objects are achueved with a
vessel with a motion compensation platform, which platform
1s provided with at least one carrier for bearing, moving
and/or transferring a load, actuators for moving the at least
one carrier relative to the vessel, preferably 1n six degrees of
freedom, a control system for driving the actuators, and
motion sensors for measuring motions of the vessel relative to
an element 1n the surrounding area, which measurements are
used as input for the control system. Here, at least one at least
partly passive pressure element 1s provided for furnishing,
during use, a pressure on the carrier for at least partly bearing
this.

The at least partly passive pressure element applies a coun-
terpressure to the carrier, whereby the actuators can be at least
partly relieved. As a result, the actuators can be driven with
relatively lighter pressure differences, thereby achieving
greater precision.

The at least one object mentioned and/or other objects are
also achieved with a motion platform particularly suitable for
a vessel as described 1n any one of claims 1-9, which platform
1s provided with at least one carrier for bearing, moving
and/or transierring a load, actuators, for moving the carrier,
preferably in six degrees of freedom, relative to at least one
fixed point of the actuators, and a control system, the control
system being designed for driving the actuators for said rela-
tive movement of the carrier, while at least one at least partly
passive pressure element 1s provided for at least partly com-
pensating the mass of the load.
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In addition, the at least one object mentioned and/or other
objects are achieved with a method for compensating motions
of a vessel, wherein the motions of the vessel are measured,
wherein a carrier with a load 1s driven so that the carrier 1s held
substantially stationary relative to an element 1n the surround-
ing area, while the gravity of a load 1s at least partly compen-
sated through the application of a substantially constant coun-
terpressure to the carrier.

The at least one object mentioned and/or other objects are
also achieved through the use of a Stewart platform, while the
carrier 1s at least partly borne by at least one substantially
passive pressure element, in particular pneumatic means.

It 1s noted that in U.S. Pat. No. 5,947,740, a motion plat-
form for a simulator 1s described which, 1n addition to six
actuators, comprises a continuously (1.e. actively) driven
hydraulic cylinder for taking away the load of the weight from
the other actuators. When moving the platform and setting 1t
at different angles, the pressure on the hydraulic cylinder 1s
measured continuously and adjusted actively to the pressure
variations. Contrary to this known pressure element, the at
least one pressure element according to the invention 1s at
least partly passive. The at least one pressure element 1s also
particularly suitable for a motion platform for compensating,
motions of the vessel, that 1s, holding the platform, at least a
carrier, approximately stationary relative to an element in the
surroundings such as, for instance, the fixed world, such as,
for instance, an offshore construction, a quay or the surround-
ing water, and/or a floating element such as another vessel,
etc. In case of a defect 1n the active drive of the actuators, for
instance, the at least one pressure element will remain func-
tional, thereby increasing the safety of the vessel while 1t
remains of relatively limited complexity.

In clarification of the mvention, exemplary embodiments
of a vessel, motion platform, method and use according to the
invention will be further elucidated with reference to the
drawing. In the drawing:

FIG. 1 shows a vessel according to the invention with a part
of a windmill;

FIG. 2 shows a block diagram of an embodiment according,
to the 1nvention;

FIG. 3 shows a schematic view of a moving vessel accord-
ing to the mvention;

FIG. 4 shows a schematic view ol a motion platform
according to the invention;

FIG. 5 shows a schematic view of a motion platform
according to the mvention with an enlargement of a cross-
section of a part of a hydraulic pneumatic cylinder;

FIGS. 6 and 7 show a schematic view of different motion
platforms according to the invention.

In this description, identical or corresponding parts have
identical or corresponding reference numerals. In the draw-
ing, embodiments are given only as examples. The parts used
there are mentioned merely an as example and should not be
construed to be limitative 1n any manner. Other parts too can
be utilized within the framework of the present invention.

FIG. 1 schematically shows an embodiment of a vessel 1
according to the mvention. With this vessel 1, a load such as
for instance people, animals, goods and/or other loads can be
transferred from the vessel 1 to a frame or base of, for
instance, awindmill 2 at sea 3, and vice versa. For transfer, the
vessel 1 1s provided with a motion compensation platiorm 4.
This platform will compensate motions of the vessel 1 for the
purpose of holding the load relatively still relative to the
windmill 2, so that for instance people such as windmuill
construction personnel can transier relatively safely. The
motions of the vessel 1 that can be compensated may com-
prise linear motions such as surge (vessel moves from front to
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back), heave (up and down) and sway (sideways), and rotat-
ing motions such as roll (bow from left to right) yaw (the
vessel 1 rolls from lett to right) and pitch (bow up and down).
Naturally, the motions of the vessel 1 are often combinations
of these linear and rotational motions.

This transierring from or to the vessel 1 should of course
not be limited to the transfer from and/or to windmaills 2. In
principle, transferring can be carried out between the vessel 1
and any other surrounding element 2. The vessel 1 1s suited
for transierring, for instance, people, animals and/or loads to,
in principle, any offshore construction, such as platforms at
sea 3 and/or other constructions in the water 3, etc. In certain
embodiments, a vessel 1 according to the invention 1is
designed for transferring to any part connected to the fixed
world, such as a quay, a levee, cliils, steep rocks, (sea)tloor
etc. In certain embodiments, a vessel 1 has been made suitable
for transferring to other moving elements and/or floating
elements, such as, for instance, other vessels. To that end,
with the aid of, for instance, a camera, optical sensor or the
like, the motions of such a moving element can be registered
and be compensated by the active components 1n the motions
of the carrier.

In the embodiment shown, the motion compensation plat-
torm 4 1s provided with six hydraulic cylinders 5 and a carrier
6. Such a motion platform 4 1s known as simulation platform,
as “Stewart” platform. The carrier 6 of such a platiform 4 1s
typically movable 1n six degrees of freedom. In operation, the
carrier 6 will be held, within the invention, substantially sta-
tionary relative to the windmill 2 by the hydraulic cylinders 5,
by means of active drive. To that end, in/on the motion plat-
form 4, and/or 1in/on the vessel 1, sensors such as motion
sensors 7 and a control system 8 are provided, which are
shown 1n FIG. 2. The sensors 2 measure the motions of the
vessel 1, for instance the rocking of the vessel 1 1n the water
3. With the aid of these measurements, during use, the hydrau-
lic cylinders 5 are driven in order to hold the carrier 6 com-
paratively stable relative to the windmill 2. Processing these
measurements and actively driving the hydraulic cylinders 5
are tasks of the control system 8. To this end, the control
system 8 may comprise a microprocessor 13 and a memory
14. In the embodiment shown in FIG. 1, also, pneumatic
means 9 are provided with which, during use, a passive com-
pressive force 1s exerted on the carrier 6, preferably approxi-
mately against the gravitational force of the load and the
carrier 6, so that the hydraulic cylinders 5 are, at least partly,
relieved. With this, the required power of the hydraulic cyl-
inders 5 decreases and, 1n principle, relatively large loads can
be borne. Also, for instance shocks of the carrier 6 with load
that may be caused by extreme wave motions can be at least
partly absorbed by pneumatic means 9. In this description,
‘passive’ can be understood to mean not driven, at least not
continuously driven, or the pneumatic means 9 will be able to
react to the relative motions of the carrier 6 without being
driven, virtually without the bearing force provided by the
carrier being influenced. Naturally, the pneumatic means 9
can be driven, at least 1n part, during specific periods, for
instance for adjusting the pressure 1n the pneumatic means 9
upon 1nitiation, or with a changing load.

In the embodiment shown 1n FIG. 1, the pneumatic means
9 comprise at least one pneumatic cylinder 10 which 1s placed
approximately in the centre of the motion compensation plat-
form 4 and 1s connected via pipes 15 to a pressure compen-
sator 1 the form of an accumulator 11 for buifering the
compressed air, and a compressor 12 for compressing air.
After filling with compressed air 1n the pneumatic cylinder 10
and the accumulator 11, after provision of a load, the cylinder
10 will remain pressurized and 1t can continue bearing at least

10

15

20

25

30

35

40

45

50

55

60

65

4

a part of the load. The pneumatic cylinder 10 has the property
of passively moving along in its longitudinal direction.
Motions of the carrier 6 in the longitudinal direction of the
cylinder 10 are followed by compression and expansion of the
air 1n the cylinder 10 and the accumulator 11. Small pressure
losses 1n the pneumatic cylinder 10 through, for instance,
friction can be measured and compensated with the aid of, for
instance, the compressor 12 and/or the control system 8. Such
pneumatic means 9 are known per se from the so-called
‘heave compensation’ systems. By placing this longitudinal
direction 1n the direction of gravity, a great force, e.g. that of
the weight of the carrier 6 and the load, will be continuously
absorbed by the passive pneumatic means 9, and hence also 1n
the case of a defect in the active elements of the motion
compensation platform 4 such as, for instance, the sensors 7,
the control system 8 and/or the hydraulic cylinders. In par-
ticular embodiments, the pneumatic means 9 are advanta-
geously placed in other directions, for instance for compen-
sating the tilting motions of the carrier 6 after, for instance, a
defect. In this way, upon a defect of an element such as a
cylinder 5, the pneumatic means 9 can prevent the motion
compensation platform from making a relatively unsafe
motion, such as, for instance, collapsing. Defects that might
occur are, for instance, power supply failure or valves 1n the
active hydraulic system becoming wedged. Naturally, also,
other, preferably passive, pressure systems 9 can be utilized
within the framework of the invention. In certain embodi-
ments, instead of and/or 1n addition to pneumatic means 8,
that 1s the cylinder 10, at least one spring can be utilized as
passive element 10, for instance a spiral and/or gas spring.
The pneumatic means 9 can, 1n principle, comprise different
types of pressure elements such as, for mstance, hydraulic
means and/or elastic means and/or a pulling element, etc.
Naturally, one or more pressure elements can be utilized.
Depending on, for instance, the expected use, desired preci-
s10n and/or economic considerations, one particular type, one
particular amount and/or positioning can be selected. A pas-
stve pressure system 9 provides security in that 1t will, 1
principle, not fail and can remain functional without continu-
ous actuation. Also, such a passive system 9 can remain of
limited complexity.

As stated, the pneumatic means 9 relieve the hydraulic
cylinders 5. In particular embodiments, this results in that less
o1l has to be circulated for holding the carrier 6 stable upon
motions of the vessel 1. In one embodiment, the pneumatic
means 9 may be set, with the aid of the compressor 12, for
providing a compressive force that absorbs at least a large part
of the weight of the carrier 6 and the load. Partly because of
the mass 1nertia of the carrier 6 and the load, and the constant
pressure provided by the cylinder 10 and the accumulator 11
on the carrier 6, 1n one embodiment, the carrier 6 will tend to
remain approximately stationary relative to the fixed world.
Consequently, the hydraulic cylinders 5 can compensate the
motions of the vessel 1 with relatively small forces, 1.e., hold
the carrier 6 approximately stationary relative to an element
in the surrounding area.

In one embodiment, the pneumatic means 9 are also
designed for preventing the reinforcement of particular
motions of the vessel 1, for istance through the forces
exerted by the hydraulic cylinders 5 on the vessel 1. As
indicated 1n an exaggerated, schematic manner in FIG. 3, 1t
may for istance be so that if the vessel tilts towards a par-
ticular side, a hydraulic cylinder 5a stretches to compensate
this tilting. At any moment, 1n particular at the moment the
vessel tilts back again, 1t may be so that the cylinder 3a 1s still
being driven so as to stretch, whereby a force F 1s exerted on
the side of the vessel 1. This may cause remnforcement of
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particular motions of the vessel 1. As already explained, with
the pneumatic means 11, 1n particular the pneumatic cylinder
101n FIG. 3, the forces of and on the hydraulic cylinders 5 will
remain relatively limited. That 1s why 1n certain embodi-
ments, this reinforcement of motions remains limited during
use of the vessel. In a further embodiment, an algorithm 1s
included 1n the control system 8, which can anticipate a delay
and/or reversal of a motion of the vessel 1, so that the hydrau-
lic cylinders 5 can be driven while anticipating the respective
motion of the vessel 1. In this manner too, the reinforcement
of the motions of the vessel 1 mentioned 1s prevented.

In particular embodiments, the motion sensors 7 comprise
known motion sensors 7 such as for measuring motions of the
vessel 1, for istance accelerometers or dynamometers. With
known accelerometers, the motion of the vessel 1 relative to
the fixed world can be measured. Also, 1n particular embodi-
ments, other types of sensors 7 can be utilized, such as for
instance cameras, GPS (Global Positioning System), sensors
utilizing electromagnetic waves, sonic waves, etc. The sen-
sors 7 may measure the position of the vessel 1 relative to one
or more elements 1n the surrounding area, such as for instance
another vessel 1 and/or the fixed world. The mnformation the
control system 8 recerves from the motions sensors 7 1s pro-
cessed via, for instance, preprogrammed algorithms so that
the hydraulic cylinders 5 can be driven for holding the carrier
6 approximately stationary relative to the respective at least
one element in the surrounding area.

In particular embodiments, the control system 8 comprises,
in addition to algorithms for driving the hydraulic cylinders 5,
a drive for anticipating specific motions of the vessel 1.
Through recognition of, for instance, a specific order in the
motions of the vessel 1, the control system 8 drives the cyl-
inders 5 proactively. In this manner, the forces of the hydrau-
lic cylinders 5 on the vessel 1 can remain as small as possible
and motions of the vessel 1 can be prevented from being
unfavourably influenced, at least being remnforced.

The operation of an embodiment of the motion platform 4
1s approximately as follows. When the vessel 1 1s close to the
windmill 2, the platform 4 1s activated. The pressure in the
pneumatic means 9 is increased with the aid of the compres-
sor 12 to approximately the weight of the carrier 6 and a load
thereon, so that carrier 6 and load, or a part thereol, are borne
by the pneumatic means 9. This may be carried out 1n coop-
cration with measurements from the hydraulic cylinders 3
and/or the motion sensors 7, with which the weight and or the
motion of the vessel 1, respectively, can be measured rela-
tively simply. Naturally, also, other weight meters and/or
methods for measuring the weight and/or motions can be
utilized for setting the desired pressure 1n the pneumatic
means 9. In addition, the velocities and accelerations of the
motions of the vessel 1 are measured with the motion sensors
7, which measurements are used as iput for the control
system 8. Through continuous adjustment of the si1x cylinders
5, the carrier 6 will be able to virtually stand still relative to the
windmill 2. After that, a hatch or gangplank connected to the
plattorm 4 and/or the windmill 2 can be lowered so that
personnel and/or the load can be transferred sately.

In certain embodiments, the pneumatic means comprise
several pneumatic cylinders 10. As shown 1n FIG. 4, one
pneumatic cylinder 10 can be provided per hydraulic cylinder
5. Here, 1n the event of a defect 1n a hydraulic cylinder 5, a
possible undesired motion of this cylinder 5 will be prevented
by the respective pneumatic cylinder 10. According to this
same principle, the hydraulic cylinder 5 and the pneumatic
cylinder 10 can be integrated, as shown in FIG. 5. Here, the
integrated cylinder 5, 10 comprises, for stance, an inte-
grated piston with a passive, preferably pneumatic piston part
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16 and an actively driven, preferably hydraulic piston part 17.
It will be clear that, within the framework of the invention,
several hydraulic 5 and/or pneumatic cylinders 10 can be
placed. In the embodiments of FIGS. 4 and 5, the passive
cylinder 10, or the passive part of the cylinder 16, bears the
largest part of the load and the active cylinder 5, or the active

part of the cylinder 17, adjusts the carrier 6.

As shown 1n the schematic embodiment of FIG. 6, 1t 1s also
possible to have several pneumatic cylinders 10 furnish pres-
sure on or adjacent the centre of the carrier 6. With this, the
safety can be even further increased. Also, upon, for instance,
a tilting motion as represented 1n FIG. 3, the pneumatic cyl-
inder 10 positioned best to that end can compensate a vessel
motion reinforcing motion of a hydraulic cylinder 5. To this
end, the pneumatic cylinders 10 can also be positioned 1n an
approximately upright manner and distributed below the car-
rier 6, as highly schematically represented in FIG. 7.

Instead of hydraulic cylinders 5, naturally, also other
amounts and types of actuators 6 can be utilized within the
framework of the mvention. Other embodiments may com-
prise active pneumatic cylinders, linear motors, electric driv-
ing elements etc.

These and may comparable varniations, as well as combi-
nations thereof, are understood to fall within the framework
of the mnvention as outlined by the claims. Naturally, different
aspects of the different embodiments and/or combinations
thereol can be combined with each other and be exchanged
within the framework of the invention. Therefore, the
embodiments mentioned should not be understood to be 11mi-
tative.

The invention claimed 1s:

1. A method for compensating for motion of a boat as 1t
floats on water, comprising the steps of:

measuring, with a control system, motion of the boat float-

ing on water relative to at least one other element 1n an
area surrounding the boat;

generating, with the control system, a driving signal for

driving actuators operatively associated between the
boat and an at least one carrier, based on the motion of
the boat:;
driving, with the control system, the actuators to hold the at
least one carrier substantially stationary relative to the at
least one other element in the area surrounding the boat,
wherein the actuators move the at least one carrier rela-
tive to the boat based on the driving signal; and

relieving weight on the actuators by at least partly bearing
the weight of a load and the at least one carrier by means
of at least one at least partly passive pressure element
operatively associated between the at least one carrier
and the boat, wherein relieving weight on the actuators
further comprises:

applying a counter-pressure on the at least one carrier that

acts against a gravitational force of the load and the at
least one carrier.

2. The method according to claim 1, further comprising
transterring the load from the at least one carrier to the at least
one element 1n the surrounding area or vice versa.

3. The method according to claim 1, wherein the actuators
and the at least one carrier form a Stewart platform.

4. The method according to claim 1, wherein the actuators
include six hydraulic cylinders operatively associated
between the boat and the at least one carrier, for moving the at
least one carrier relative to the boat 1n s1x degrees of freedom.

5. The method according to claim 1, wherein the at least
one at least partly passive pressure element 1s pneumatic.
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6. A method for compensating for motion of a boat as 1t
floats on water, comprising the steps of:

measuring, with a control system, motion of the boat float-
ing on water relative to at least one other element 1n an
area surrounding the boat; 5

generating, with the control system, a respective driving
signal for each of six hydraulic cylinders of a Stewart
platform, each of the six hydraulic cylinders operatively
associated between the boat and an at least one carrier,
based on the motion of the boat; 10

driving, with the control system, the s1x hydraulic cylinders
of the Stewart platform to hold the at least one carrier
substantially stationary relative to the at least one other
clement in the area surrounding the boat, wherein the six
hydraulic cylinders move the at least one carrier relative 15
to the boat based on the respective driving signals; and

relieving weight on the six hydraulic cylinders of the Stew-
art platform by at least partly bearing the weight of a load
and the at least one carrier by means of at least one at
least partly passive pressure element operatively associ- 20
ated between the at least one carrier and the boat, the at
least one at least partly passive pressure element apply-
ing a counter-pressure on the at least one carrier that acts
against a gravitational force of the load and the at least
one carrier. 25
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